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Physics Motivation

Quark Mass

chiral symmetry
restoration

-
o
chiral symmetry

braking
How we can detect such a quark mass change?

bare mass
m,=m =5MeV/c?
m,=150MeV/c?

Partial chiral symmetry 4 [<q0>, 7]
restoration under normal
nuclear density

Normal nuclear
density

Vector Meson

Temperature



V M predictions of vector meson
eCtor eson modification in medium

Brown,Rho(1991), Hatsuda,Lee(1992),
(b meson Klingle,Keiser,Weise(1997),etc.

®mass decreases

1.050
~20-40MeV/c? | |
®narrow decay width (I'=4.3MeV/c?) 1.025 [ -
=sensitive to the mass spectrum change — | / dmass
esmall decay Q value (Q,,,=32MeV/c?) & 1000™ T ]
=the branching ratio is sensitive to 30975 B K K- e R
¢ (or K ) meson modification = ‘_thresholl i
For example 0-950 T
B( mass decreases —_— i
> Iy, becomes small
BMK mass decreases i 0|5 e s
- I'v.. becomes large ' ' P7Po ' '

po-normal nuclear density

Important points for ¢ meson modification
@ Invariant mass spectrum, with good mass resolution

¢ - 7. Hatsuda, S.H.Lee,
Phys. Rev. C46(1992)R34.

@ Nuclear size dependence of the branching ratio
between the e*e- and K*K- channels

K: H Fuj, T.Tatsumi,
PTPS 120(1995)289.




KEK-PS E325

Measurements
Invariant Mass of e*e-, K*K-
In 12GeV p+A->p,m,p+X reactions
slowly moving vector mesons (p,,,~2GeV/c)
large probability
to decay inside a nucleus

Beam
Primary proton beam

(~10°%/spill/1.8s)

Targ et
Very thin targets
e.g. 0.4% radiation length &
0.2% interaction length for C-target

A combination of very thin targets with
high intensity beam is very important to
reduce the background from y conversion.




History d SK*K

O >ete”
1997 June First Physics Run with K'K- 99
1998 May Already Published
(P.R.L.vol.86 22(2001)) 12
1999 July QMO02/PANICO02
178 ~125
2000 June Production Run with newly installed
Dec. Vertex Chamber & Lead Glass Calorimeter
s DriftChamber preAmp Upgrade N\
Production Run
ROOL Nov. ~1400
2002 Feb. LAST Production Run 5000
OMO04/QMO05/ PANICO05

\ (Nucl-ex/0504016, 0511019) j




Setup

Forward LG Calorimeter

Rear LG Calorimeter

Side LG Calorimeter

M. Sekimoto et al., Nucl. Inst. Meth. A516 (2004) 390.

Start Timing
Counter

Hodoscope

-

Aerogel Cherenkov

Forward TOF

Rear Gas Cherenkov

Front Gas Cherenkov

Im

>




Mass Spectra
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Kinematical Distributions for observed ¢

®()—e'e
®)—K*K-

P S P Vs. rapidity "

The detector acceptance is different between e+e- and K*K-
-> But there is an overlap region

Slowly moving ¢ meson should have larger probability
to decay inside a nucleus




Mass shape analysis

R.Muto et al., ncle-ex/0511019



Fitting Methods

®Background : quadratic curve (e*e’)
mixed event method (K*K")
®p Shape . Breit-Wigner distribution
smeared by taking the experimental effects into account using
Geant4 simulation

— physical processes and detector effects
®Examine the mass shape as a function of By
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Fit Results for e*e (divided by By)

By<1.25 (Slow) 1.25<By<1.75 1.75<By (Fast)
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Data cannot be reproduced (99.9% C.L.) 11



Mass Shape for ete

A significant enhancement is seen in the Cu data, in By<1.25
»the excess is attributed to the ¢ mesons which decay inside
the nucleus and are modified

]

N

counts/[6.7MeV/c

To evaluate
the amount of the excess ||

150

50

Fit the spectra again by excluding the excess
region, 0.95~1.01GeV/c?

Integrate the spectra in the excess region
Subtract the background and the normal phi
meson shape which are determined by the fit

-
P ® CuData
+,03 | e C Data
* Data o
— Fitting Result ="
T, 0.2
Q
5
pd
' ' &L 0.1 | —— XI
excluded from ﬂ Tk
“the fitting N
0.9 1 11 12 0 '

[GeV/c?] | |
By
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Model Calec.

Inside
decay

generated uniformly in target nucleus
density distribution

— Woods-Saxon

— radius: C:2.3fm/Cu:4.1fm
mass spectrum: Breit-Wigner Shape

Outside
decay

pole mass: m*/m =1 -k, p/p,
k,=0.018~0.033,+/-30% - ee” excess?
(Hatsuda-Lee prediction) R AR DT=8

decay width: ",/ */T",,; = 1 + K, p/p,

—_ + - 0)
', =1+K,€ plp, - ; e :xcess’
(no theoretical basis) =xIE0T R0

e*e- mass spectrum

We set k; = 0.04, kot =k, e¢ =10 l
ZHIRT HiElCset

(at p=p,, [*~48MeV (from Klingl, et al. ))

13



Fit Results of Model Calc. for ete

By<1.25 (Slow) 1.25<By<1.75 1.75<By (Fast)
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Excess Ratio of Model Calc. for ete

="
e T ® Cu Data
+ 0.3 - e C Data
e — Cu Model Calc.
— C Model Calc.

N excess /( N excess
o
N

O

1 15 2 25

3
| By
The model calculation reproduces the tendency of our data
15




Fit Results for K*K (divided by By)

By<1.7 (Slow) 1.7<By<2.2 2.2<PBy (Fast)

—counts/4MeV/c2 _ counts/dMeV/c? __ counts/AMeV/c? ”
i | C |© C | | ( C
(D)
G | i
Z | |
T ik N ﬂ#’% N Hﬂ Hd +
7 L e Y T i
. | Cu ! Cu Cu
3 ]
o | .
Z H by
o LY Y
o e } 3 y + ﬂ#ﬁ@r o | i +++ﬁt|;
S 7L T e S 0 N7 B S L W
_I 2 1.04 1,06 1.08 : G \” 0.86 0.98 .02 1.04 1.06 1.0 ; : ‘;33\;.'{.(‘2 0.86 0.98 .02 1.04 1.06 1.08 i 3 ‘;35\.;{.(‘2

" Mass spectrum changes are NOT statistically significant
»>the statistics in the K*K- mode is much less than those in the e*e- mode

»K*K- data is extremely limited in fy<1.25 16



Model Calec.

[ T DEL

UTDEIGREET S

hadron ~ const.
tot

*

r_
j XE ~const.
F tot

*

I
j —LHE= ~ const.
I tot

\_ /

¢ meson decay mode
hadronic decay mode (K*K-, KO KO, pr+n*nno, etc.)

ratio~0.984 (0.492, 0.337, 0.155, ...)

leptonic decay mode (e*e-, utu-, etc.)

ratio~5.83e-4 (2.96e-4, 2.87e-4, ...)

semi-leptonic decay mode (ny, =%, etc.)
ratio~(1-0.984)=0.016 (0.1299, 1.24e-3,

)

-

o

K*K- threshold M #L>

d-massHK*K- threshold(=987.345MeV) LL T D B

®cte-~[ddecayHE b
O K K-~ [LthresholdZ#EZ HFE TmassziRdH
EL#ITS TZREFTH=0H)

EIRET D

IMREZ{RELTLIST=8 . Kaon-Suppression
[FEMBLTLD

~

/

REF R TORFT T, RFEZRNTOKaon®
®dispersion-relation (or modification)
®re-scattering (absorption&T3)

DEhEEEZ TLVELY

17



Fit Results of Model Cale. for KK

By<1.7 (Slow)

1.7<By<2.2

2.2<

3y (Fast)

C
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.
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Nuclear size dependence
of Cross-Section

19



Ngix /T oie- @and Nuclear Size Dependence a

ete-

o (A)=o(A=1)x A’

example of e change

ol . /... increases in a nucleus

2 Nysiek- /N_¢?e+e__ be.comes Iargg
®The lager modification is expected in
the larger nucleus

O 5+k- becomes Iarger than o 5e.e. ¥
®The difference of a is expected to be JETHHTN .S
enhanced in slowly moving ¢ mesons 3y

@;¢+k- 100Ks larger than e, In lower Gyregion

20



- of g-meson

ee: 0.9-1.1GeV/c?

KK: 0.986(KK-th)-1.07GeV/c?
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Nuclear Dependence a

B
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o (overlap acceptance)

go0 F

.e+e 700 £
oK*KF =

pT
0.5<p- & pr

o0 o )
o o o

. [+3]
o o

& B

py vs. rapidity SN

Pr

rapidity

py vs. rapidity

<1 & rapid-0.6<p; & py<rapid-0.2

rapidity

P

By

ete

1.11+/-
0.17

0.67+/-
0.12

1.80+/-
0.45

0.95+/-
0.11

K*K-

1.15+/-
0.16

0.75+/-
0.12

1.95+/-
0.43

1.05+/-
0.08

rapidity
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o diff

aZfitL =i R LY . _ '”(12)
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Model Calc. m*/m =1 -k, plpy
Fiot* Mt =1+ Ky plpg

Mass shape analysis [TEWTIEL  |T*T. =1 +Kk,® plp,
K1=0.04, k,'=k,*¢=10 L kik-M o™= Ta T i)

Mdataz BRI DIER A HoT=

s
OLML. K=K, DFEYT /T =l oo™/ oo TIE

Oy E Ol DIE LN BB TEELD

0 _ (D=, KaonMre-scattering (absorptionE )
T B ADENKSU ETED

® % 7-. datalfoy>o . Zsupportd 4

- =
%:_G~ k2t0t>kzeej$ U 1_‘tot*/rtot>1_‘ee*/1_‘eet
HY, M2, ayc&o,, .mass-spectrum%

BRI ISLIGEZRDD
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Inside-nucleus decay (=at p/p,>0.5)
probability for ¢

| w/o detector acceptance |

KK ee
e X1 I',. x11
Lo C Cu C Cu C Cu
X1 0.01 0.03 0.01 0.03
X11 0.08 0.21 0.01 0.03 0.08 0.22
X21 0.14 0.33 0.01 0.03 0.08 0.21
x41 0.22 0.46 0.01 0.03 0.08 0.21




Fit Results of Model Calc. for ete

all Data

k,=0.00 k,=0.04 k,=0.04 k,=0.04
kztot:O thOt: 10 kztotzzo k2t0t240

500 1 540 ;L 500 !' 500 ;L‘
"y My !

300 - ++ . +.|. 300 ‘++ +i+l_
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Fit Results of Model Calc. for ete

1 Wwseld i Bral

| | |
f AT P A PR
i) T TP R N

“Cu |

o f
Jr*ﬁ%ﬁiﬂ -

low Brregion (£1<1.3)

k,=0.00 k,=0.04 k,=0.04
kztot:O kztOt: 10 thOt:ZO
k,ee=0 k,ee=10 k,ee=10

k,=0.04

K,'ot=40
K,ee=10

|

j

it

T DataX BT AL HS

29



Fit Results of Model Cale. for K*K-

all Data
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m*/m =1 -k, p/p,

o parameter of Model Cale. )| . 1%

1—‘ee*/l—‘ee =1+ kzee P/Po
mod. parameter k;=0.04, k,°=40, k,*¢=10 Tk "= Tk /T i00)

®w/0 mod. Tee,kKKF NAHMDIL, acceptanceD =
ok =40 > I'_=176MeV @ p=p, !

®c, Lo MNEGO>TIKIERIEHD
oLML.CFEFTLTHdataz BEHR TEZ LY

s 'r

0.8 — aKK'aee

os | Data

w/ rEod.

a.4 H|HTm

2 FLILIL LT e E%%

[ | —< .
w2 w/o mod.
04 [
—-0.8 f—

S e E P S Sa—"
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o parameter of Model Calc.

mod. parameter k;=0.04, k,*=40, k,*¢=10

By

rapidity | Pr

Olkk~Olee

0.4 0.4 ] 04 [
0.2 HA o e T a2 [ IBIES s s 1 02 H
L i H = L ] f o & L i HiH L L Ei::— ':, FarssaEEERHE g [
A T =EEEE = amn | = e . T — AR | =

0 i Sl % B H v i ] | 0 i
g2 b H Ml 02 F ] g2 [
.| W/o mod. JI L
-0.6 -— A B -0.6 -—

32



o parameter of Model Calc.

mod. parameter k;=0.04, k,°'=40, k,*¢=10

® ce Data

@® KK Data

O ee Data (mod. shape fit)
O KK Data (mod. shape fit)

rapidity N P

’'a
— N %
%y : e fﬂi +

aKK'aee‘i%erfd:ll\

Py
A
¥ %ﬁﬁ

By
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Summary

OKEK-PS E325%FE&(£12GeV/c2 p+A=p,m,0+XIZH LT, ete’, K*KFichannel
DAEZITIERT. ARV F— AV VI TIBEBRFREETICET5#ZME
SHERDAEZHHELTITO =,

®)—>e*e TlXL. Cu-targetlZH LT, ELENKdDpeakD E Al
excessMR z2 5, B EEModel Calc.[2&k b E. ¢Dmodification
MY ANDZEIZEHT, A DDataz BRI HERMNEZEHLND,

® (> KK TI&. mass-spectrumDFfFtHIIB AL EILITR oL, ete T
excessMRZHPYDIEVEE DK K D#HETEIXIERICDLGL, EFEDLLERIE
TAIELN,

00, 5.k Ty sere FYPYDIENTREKIZFEREGEOTNSKIICR
ZBo D EIEa Lo PDEVITOET=ITKaonDmodificationd
FERELDHEBZADIENERED,

= Questions
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Questions

IR D KK modificationD YA TIE, T ERFEDT=H
K*K-threshold L F M ¢ldthresholdZ#8 % 5 FE TmassEiR

HELBITTLS

DFEY. ¢>K*K suppressionD xR 34

EfRLTLVA

LM L. EFZZEED T THKaonMeffective-massz&E
EIZANSE, ERDEHHREFTEALLGCTRELLGS

X9 THS

Kaon Dispersion Relation (next page)
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Questions

Kaon Dispersion Relation
H.Fujii and T.Tatsumi, PTPS 120(1995)2809.

@, (Ez;ps): \/sz + Rz -

%=300MeV

35
8f°

35
8f°

jzi

)y
ngN P T

|

T ~—— =K +K- th ((Dz_kZ)l/Z;’é%if:&%: k>~2GeV/c
c'g'na K+ —C‘:OM_F(:fd:’JTin;)
S - s Question
8 07 e massz &z 4 EEF 2 (w2-k3)2E0N
s SEZAITFETL\DH?
i\o.fu — _&k=0GeV/c -, BRIIEEDT=&
N e CM#% Tdecayz & A f=L»
e ~1€k=1GeV/c .
o Question?
01 REEZDBFFESLIzLLL\DH?
k=10Ge .\ €k=2GeV/c (LAB>CM7i L)
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Questions
#Z A TE Lo /~Kaon 592K K-ddecay LAE#E D, Kaon DS EEL)

@D ¢2>KKIZHEWT, KaonMRFZNTEL LS9 5
@ D EKaonlIEFENANETITLDEL ., ZDi1BFE Tmomentumh R
79 H(energylFRFLEGL)ERET S
@ ZEE. decayE & IZER I >T-KaonTHl A fZinvariant-massé& . #4451+
TEREODEEZEFDOKaonTH A Kinvariant-massid L T D L5125 5
o /-K+K- T A /<invariant-mass 18 = DK+K- THA /<invariant-mass
outside outside
decay

1I!Ili|l1l||||
1I!Ili|l1l||||

T N . T T e . T =
0.90  0.94 o.gﬁ 1,02 1.06 0.90  0.94 0.$3 1,02 1.06
K*K- threshold K*K- threshold
Questions

KaonMEFRZZE D T CTELLG-I=EL=FF, COIKREIX
RFENAARATIKEBIZEDESIZETILTHDH?

Last Question
Oy >0 ETEDMEIT, THREDH D EL IstoryDBIZA M HYEEAH? 37
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